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Motivation
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How can we develop the “SSF” of non-biological systems?
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❑ Sequence-Structure-Function (SSF) principle



a) b)

(Artificial) Neuronal Interaction Network (NIN)

❑Map artificial neurons and 

    their connections onto NIN

❑ Fractalities observed in NIN
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Neuron-based Multifractal Analysis
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❑Multifractal Spectrum
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𝜏(𝑞) vs 𝑞 

Legendre transform

)𝑓 𝛼 = 𝑞𝛼 𝑞 − 𝜏(𝑞

Multi-fractal 

Spectrum𝑼𝒒 𝒓/𝒅  vs r/d 
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Multifractal Analysis of LLM Training
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a) b)

c) d)

e) f)

Pythia 14M Pythia 31M

Pythia 160M Pythia 410M

Pythia 1.4B Pythia 2.8B

❑Multifractal spectrum

❑ 𝛼0: dominant fractal dimension                                                                             

measuring the degree of irregularity

❑ 𝑤: degree of heterogeneity

❑ Self-organization

❑ Increasing heterogeneity (𝑤)

❑ Increasing regularity (decreasing 𝛼0)



Emergence during Training
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❑ Degree of emergence quantification

❑ Structural emergence vs. performance
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Science for AI

ScienceAI
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❑ Applications

❑ LLM structure optimization ❑ Roguenness/Hallucination 

detection and correction 

Initial Layers Middle Layers

Code Availability: https://github.com/joshuaxiao98/Neuron_MFA_LLM

https://github.com/joshuaxiao98/Neuron_MFA_LLM

	Slide 1
	Slide 2: Motivation
	Slide 3: (Artificial) Neuronal Interaction Network (NIN)
	Slide 4: Neuron-based Multifractal Analysis
	Slide 5: Multifractal Analysis of LLM Training
	Slide 6: Emergence during Training
	Slide 7: Science for AI

